The recently isolated and characterized unicellular photosynthetic prokaryote A caryo chloris marina (Miyashita et al., 1996) contains chlorophylls a, d , and traces of a chlorophyll c-like pigment as well as phycocyanin. a type of allophycocyanin, zeaxanthin and cx-carotene, chlorophyll d being the predominant chlorophyll component. Q uantum requirem ent m ea surements of the photosynthetic oxygen evolution resulted in about 12 quanta for excitation of chlorophylls a and d and 18 for phycocyanin. The data also revealed that these pigments are involved in energy absorption for photosynthetic oxygen evolution. Energy is transferred efficiently and equally well between the chlorophylls. Light absorbed by phycocyanin which is organized in phycobiliprotein aggregates (M arquardt et al., 1997), results in a less efficient energy transfer to the reaction center chlorophylls.
Introduction
Recently an unique new prokaryotic organism with oxygenic photosynthesis has been isolated and described as Acaryochloris marina (Miyashita et al., 1996) . Surprisingly, the predominant photo synthetic pigment of A caryochloris is chlorophyll d. Only m inor concentrations of chlorophyll a, a chlorophyll c like pigment, phycocyanin, a type of allophycocyanin, zeaxanthin and a-carotene (Miyachita et al., 1996; M arquardt et al., 1997) complete the pigment pattern. The ratio of chlorophylls a/d is about 0.1-0.03, depending on the culture condi tions. The pigments are organized in thylakoid-like lamellae without detectable phycobilisomes (Miy ashita et al., 1996) . Recently, biliprotein aggregates containing phycocyanin and a type of allophycocy anin could be isolated (M arquardt et al., 1997). The organism develops normal amounts of oxygen upon illumination (Miyashita et al., 1996) .
With respect to the unusual pigment composi tion and structure of the photosynthetic organelle we investigated the quantum requirem ent for pho tosynthetic oxygen evolution upon irradiation into Reprint requests to Prof. Senger. Fax: 06421/282057. the main absorption peaks of chlorophyll a (683 nm) and d (712 nm) as well as that of phyco cyanin (609 nm). A comparison of these quantum requirem ents should also allow some conclusions about the energy transfer between these three pigments.
Materials and methods

Organism and growth
The prokaryotic organism with oxygenic photo synthesis, nam ed Acarychloris marina, was iso lated from the interior of the colonial ascidian Lissoclinum patella (Miyashita et al., 1996) . It is of elliptical shape with axes of 1.5-2.0 to 1.5-3.0 |im. Up to 12 layers of stacked thylakoid-like m em branes are appressed in a peripheral continuum against the cell wall. These m em branes contain the above m entioned pigments. The phycobiliprotein aggregates are also part of these photosynthetic membranes, however, they are not yet localized exactly (Miyashita et al., 1996; M arquardt et al., 1997) . Stock cultures of Acaryochloris are kept at the Marine Biotechnology Institute in Kamaishi, Iwate 026, Japan.
Acaryochloris marina was grown in axenic batch cultures in K+ESM medium ( Keller et al., 1987) at 28 °C, bubbled gently with air under a light 0939-5075/97/0900-0636 $ 06.00 © 1997 Verlag d er Z eitschrift für N aturforschung. All rights reserved. D (80 [iE)-dark cycle of 12:12 hours. Acaryochloris is growing very slowly under these conditions with a doubling rate of more than 48 hrs. Cells were harvested from the same culture for each set of experiments and concentrated by centrifugation to a density of 10 [d packed cell volume per ml.
Cell mass determination
The cell mass was determ ined as packed cell volume (PCV) in hem atocrite tubes by centrifuga tion at l,400xg for 10 min as described earlier (Senger, 1970) .
Determination o f the quantum requirement
Quantum requirem ent was determ ined with a custom-made apparatus described in detail before (Senger, 1971) . Oxygen evolution was m easured with a Gilson-allglas m anom eter (Gilson medical electronics, Madison, Wise., USA). The rectangu lar Warburg vessel was shaken identically posi tioned in the light beam during gas exchange and absorption measurements.
Monochromatic light was provided by a tung sten halogen lamp (Sylvania DXN, 1000 W, 120 V) combined with interference filters (DAL, Schott, Mainz, Germany) with maximum transmissions at 609, 683 and 712 nm. Q uantum flux was m easured with a therm istor (YSI-Kettering Radiom eter, Yel low Springs, Ohio, USA) calibrated against a chlo rophyll/thiourea actinom eter (Gaffron, 1927; War burg and Schocken, 1949) .
The samples contained 30 [il PCV in 3 ml of Warburg's carbonate/bicarbonate buffer #9 (pH 9.5). No difference in oxygen evolution be tween cells suspended in the Warburg-or phosphate-buffer was observed. Oxygen exchange was measured for 2x5 min in monochrom atic light of various intensities, corrected by the dark respira tion, m easured before and after irradiation. Light absorptions by the algal samples were m easured as percent of the control in an integrating Ulbricht sphere. The integrating sphere contained 8 sym metrically arranged photovoltaic cells (Type Si 09, Bruno Lange, Berlin, Germ any) which were wired in parallel. The photocurrent generated by the light beams was m easured with a null detector micro-voltmeter (Type 155, Keithly Instruments, Yellow Springs, Ohio, USA). The absorption of the algal samples was m easured against water, set S. M iyachief al. ■ Q uantum R eq u irem en t in Acaryochloris as 0%, and Chinese black ink, set as 100% ab sorption.
Results and Discussion
The photosynthetic prokaryote Acaryochloris marina reveals an exceptional pigment pattern. It contains chlorophyll d as major and chlorophyll a, phycocyanin, zeaxanthin and a-carotene as minor pigments. Chlorophyll c and allophycocyanin oc cur only as traces (Miyachita et a l, 1996;  M arquardt et a l, 1997) . The in vivo spectrum de monstrates peaks at 713 and 608 nm attributed to chlorophyll d and phycocyanin, respectively (Fig. 1) . Chlorophyll a was not detected in the in vivo spectrum due to its low concentration. How ever, its absorption in vivo has to be assumed to be located around 685 nm. In order to determ ine the participation of these 3 pigments in the process of photosynthetic oxygen evolution and the pre sumable energy transfer among them, quantum requirem ent was measured in m onochromatic light of 609, 682 and 712 nm using interference fil ters with transmission maxima as close to the pig m ent absorption maxima of the organism as avail able. In accordance with the theory of quantum yield m easurements (Warburg, 1919) the photo synthetic oxygen evolution was determ ined in the linear part of the intensity curve, just above the compensation point. Three values were deter mined for each wavelength in two separate experi- ments with cells deriving from the same culture (Fig. 2) . With a slight deviation the determ ined values could be extrapolated through zero. During an experim ent with samples of a different culture we could confirm the value of 18 quanta needed at 608 nm. However, 12 quanta were needed at 683 and 712 nm for the formation of one molecule of oxygen.
